The role of the N-methyl-D-aspartate receptor in ketamine-induced apoptosis in rat forebrain culture.
Recent data suggest that anesthetic drugs may cause widespread and dose-dependent apoptotic neurodegeneration during development. The window of vulnerability to this neurotoxic effect, particularly with N-methyl-D-aspartate (NMDA) antagonists such as ketamine, is restricted to the period of synaptogenesis. The purposes of this study are to determine whether treatment of forebrain cultures with ketamine results in a dose-related increase in neurotoxicity and whether upregulation of NMDA receptor subunit NR1 promotes ketamine-induced apoptosis. Forebrain cultures were treated for 12 h with 0.1, 1, 10 and 20 microM ketamine or co-incubated with NR1 antisense oligonucleotide (2 microM). After washout of the ketamine, cultures were kept in serum-containing medium (in presence of glutamate) for 24 h. Application of ketamine (10 and 20 microM) resulted in a substantial increase in DNA fragmentation as measured by cell death enzyme-linked immunosorbent assay, increased number of terminal dUTP nick-end labeling positive cells, and a reduction in mitochondrial metabolism of the dye 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide. No significant effect was seen in the release of lactate dehydrogenase, indicating that cell death presumably occurred via an apoptotic mechanism. Co-incubation of ketamine with NR1 antisense significantly reduced ketamine-induced apoptosis. Western analysis showed that neurotoxic concentrations of ketamine increased Bax and NR1 protein levels. NR1 antisense prevented this increase caused by ketamine, suggesting that ketamine-induced cell death is associated with a compensatory upregulation of the NMDA receptor. These data suggest that NR1 antisense offers neuroprotection from apoptosis in vitro, and that upregulation of the NR1 following ketamine administration is, at least, partially responsible for the observed apoptosis.